Abstract -Forskolin ( I ) , a novel labdane diterpenoid isolated f r o m Coleus forskohlii, possesses, in addition t o eight chiral centers, a novel tetrahydropyran-4-one moiety fused to a highly oxygenated trans-decalin system. This paper reports our progress towards t h e synthesis of AB ring syst e x forskolin.
Forskolin (L), a highly oxygenated labdane diterpenoid isolated from Coleus forskohlii (ref. 1, 2), displays a wide variety of physiological activities (ref.
3), such a s branchospasmolytic, antihypertensive, and inotropic activity. It also a c t i v a t e s adenylate cyclase and reduces intraocular pressure in man.
The interesting biological properties coupled with t h e unique structural f e a t u r e s of forskolin (L) have a t t r a c t e d much attention of synthetic chemists t h e worldover (ref. G in quantitative yield. Examination of t h e 'H and I3C NMR s p e c t r a of 12 established t h e stereo-and regiochemical n a t u r e of t h e Diels-Alder reaction. The H NMR spectrum of 12 displayed a doublet of doublets centered a t 3.35 ppm (J9,L1 = 10.00, J9,8 = 5.00 Hz) for t h e H-9 proton, and a doublet of doublets at 3.06 ppm (J5,6, = 10.00, J5,6,, = 3.50 Hz) for t h e ring junction proton. Such 3 p a t t e r n is consistent only with t h e stereo-and regiochemistry of 12.
The 13C NMR spectrum of 12 showed absorptions at 204 (carbonyl), 105 (hemiketal) and 56 ppm for t h e C-10 carbon. Further, a n upfield shift of 5 to 6 ppm of C-10 carbon in t h e 13C NMR of 12, 13 S. BHAKUNI and 14 as compared t o ketones 20, 21 and 2 is very much consistent with t h e k e t a l s t r u c t u r e s and supported t h e assigned regiochemistry. T r e a t m e n t of 12 with Zn-AcOH furnished hemiketal 2 in quantitative yield a s a colourless crystalline solid.
( r e f . 13)
a, R e f , 10; b, Hg(OAc)2, aq. THF, NaCI; c, Q3P = CHZ; d, AczO, TEA; e, 2-methoxycarbonyl-p-quinol, @H, Ag20; f , Al2O3; g, Zn-AcOH; h, MeI, NaOH, TBAI; i, Q 3 P = CH 2
Thermodynamically more stable herniketal u, with a built-in protection of C-1 ketone function was chosen for C-4 alkylation studies. I t failed t o r e a c t with ethylcyanoacetate under various modified reaction conditions. I t also failed to r e a c t with rnethylenetriphenylphosphorane, while forcing conditions led t o decarboxylation. The failure of t h e Knoevenagel and Wittig reaction on hemiketal 13 appeared due to side reactions involving t h e opening of t h e hemiketal function at C-I. I t was, therefore, thought worthwhile t o p r o t e c t t h e hemiketal function with t h e base stable protecting group. The hemiketal 13 failed t o r e a c t with ~-b u t y l d i m e t h y l s i l y l chloride (ref. 14), while conventional method (methanol, PTSA) also failed t o give t h e methoxyhemiketal 14. The protection of t h e hemiketal function 13 was then a t t e m p t e d under phase transfer catalysed conditions. In t h e instance, reaction of t h e herniketal 13 with methyl iodide and finely powdered sodium hydroxide in t h e presence of tetrabutylammonium iodide furnished methoxyhemiketal 14 in excellent yield (97%). After successfully protecting hemiketal function in 2, t h e Wittig reaction was then employed to g e t alkylated product. T r e a t m e n t of 14 with base f r e e rnethylenetriphenylphosphorane ( t o suppress t h e enolization and e s t e r hydrolysis) furnished t h e required olefin 15 in 67% yield.
To circumvent t h e circuitous synthesis of hemiketal 14, simultaneously, we investigated 2, which is available from B-glucal 16 yield.
In conclusion, we have synthesized four key intermediates Is, 3, 2 and 21, and t h e i r further invest igat ions a r e in progress towards t h e t a r g e t e d t o t a1 synthesis of forskolin.
